Introduction {#Sec1}
============

Decision or optimization problems often arise in an uncertain context. Depending on available information, several approaches have been proposed to model this uncertainty (e.g. possibility theory \[[@CR17]\], evidence theory \[[@CR18]\], etc.). In this paper, we focus on the case of low knowledge on possible states, namely decision under ignorance. In this case the decision-maker is able to give the set of possible values of optimization problem parameters but she/he is not able to differentiate them. In other words, all possible parameter values are all possible (this is a particular case in possibility theory when all scenarios have possibility equal to 1). Hurwicz-Arrow proposed a decision under ignorance theory \[[@CR3]\] that specifies the properties that a criterion must satisfy. One of the most popular criteria in this context is the Wald criterion (*maxmin* criterion). Recently, a considerable amount of literature on robust optimization has studied this *maxmin* criterion \[[@CR1], [@CR4]\], and \[[@CR10]\]. This criterion is very pessimistic since it focuses on the worst case scenario. Moreover, it is necessary to meet the underlying condition that all scenarios are almost possible (ignorance context). Otherwise, other criteria are more relevant, see \[[@CR10]\]. Other criteria have been proposed to take decision-making under ignorance behavior into account. The oldest one is the Hurwciz criterion which consists in modeling optimism by making a linear aggregation with the best and the worst evaluation. This criterion has been used to model the behavior of a decision-maker in different contexts (see \[[@CR5], [@CR14], [@CR15], [@CR19]\] \...etc) and has been spread to include imprecise probability theory \[[@CR12]\]. This criterion has been criticized in a sequential decision context since it does not satisfy the desired properties in this decision context (for more details see \[[@CR6], [@CR11]\]).

In order to satisfy the properties of the sequential decision pointed out in \[[@CR11]\] and that of the decision under ignorance, two criteria have been recently proposed namely $\documentclass[12pt]{minimal}
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The aim of this paper is to discuss those four criteria in the context of a linear programming problem. We tackle the problem of optimization under ignorance by taking the optimism of the decision-maker into account as a bi-objective optimization problem where the first criterion is the pessimistic point of view and second one is the optimistic point of view. So, we study some properties such as the Pareto optimality of the optimal solution to those criteria. The paper is organized as follows. Firstly, we set out the problem being studied, then we recall the decision under ignorance and we present the four criteria that will be studied. Then, we compare the properties of the optimal solutions to the linear programming problem for all those criteria. Then, the computational aspects of $\documentclass[12pt]{minimal}
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Problem Under Study {#Sec2}
===================

In this paper we focus on a Linear Program[1](#Fn1){ref-type="fn"} (Eq. [1](#Equ1){ref-type=""}) where profit coefficients are uncertain. *NotationsN*: the set of decisions,*M*: the set of constraints,$\documentclass[12pt]{minimal}
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Background {#Sec3}
==========

In this section, we recall the main results of the decision under ignorance and define the criteria we will consider.

Decision Under Ignorance {#Sec4}
------------------------

Firstly, we recall the main results of the decision under ignorance theory developed by Hurwicz and Arrow \[[@CR3]\]. Two solutions $\documentclass[12pt]{minimal}
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The HA theorem says that the comparison between two sets of prizes corresponds to comparing their extremes. If both extremes of one set are greater than or equal to their counterparts in another set then the former is preferred to the latter. The intermediate members of the set do not matter. The criteria presented below satisfy the HA axioms.[2](#Fn2){ref-type="fn"}

The Hurwicz Criterion \[[@CR3]\] {#Sec5}
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To continue the discussion between $\documentclass[12pt]{minimal}
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### Proposition 5 {#FPar8}
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### Corollary 1 {#FPar9}
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From Propositions [1](#FPar4){ref-type="sec"}, [4](#FPar7){ref-type="sec"}, and [5](#FPar8){ref-type="sec"}, we have the following theorem:

### Theorem 2 {#FPar10}
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Proposition [5](#FPar8){ref-type="sec"}, Corollary [1](#FPar9){ref-type="sec"} and Theorem [2](#FPar10){ref-type="sec"} are illustrated by the example below:

### Example 1 {#FPar11}
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Let us focus on the case of interval uncertainty set.

### Proposition 6 {#FPar12}
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### Proposition 7 {#FPar13}
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### Corollary 2 {#FPar14}
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From Propositions [1](#FPar4){ref-type="sec"}, [4](#FPar7){ref-type="sec"}, and [7](#FPar13){ref-type="sec"} we have the following theorem:

### Theorem 3 {#FPar15}
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Proposition 8 {#FPar16}
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Proposition 9 {#FPar17}
-------------

Criterion *I* satisfies the HA axioms.

Example 2 {#FPar18}
---------

Let us illustrate on Example [1](#FPar11){ref-type="sec"} the use of parameters *I*. Figure [5](#Fig5){ref-type="fig"}.(a) and Fig. [5](#Fig5){ref-type="fig"}.(b) illustrate the case where *e* is a non-compensatory border and the decision-maker is not fully optimistic even if the minimal value of *e* is guaranteed. Figure [5](#Fig5){ref-type="fig"}.(c) and Fig. [5](#Fig5){ref-type="fig"}.(d) illustrate the case where *e* is a compensatory border and the maximal value greater or equal to 8.5 compensates a minimal value equal to 0. The decision-maker is optimistic in the case Fig. [5](#Fig5){ref-type="fig"}.(b) or less optimistic Fig. [5](#Fig5){ref-type="fig"}.(d). This generalized criterion can be used to specify finely the preferences of the decision-maker.

Fig. 5.Illustration of different parameters of *I*

Conclusion {#Sec13}
==========

In this paper, we compare four criteria capable of taking the optimism of a decision-maker into account in the context of decision under ignorance, namely Hurwicz criterion, $\documentclass[12pt]{minimal}
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We have also to conclude that taking the optimism of a decision-maker into account in the case where the uncertainty is described by a convex polytope, is a computationally more complex problem than choosing the robust solution. In further research, we are planning to deepen the study on the complexity of the problem for different types of uncertainty including that of a convex polytope. Another research perspective is to generalize $\documentclass[12pt]{minimal}
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Throughout this paper we assume that the feasible set of solutions is not empty and is bounded.

Note that the average or Ordered weighted average \[[@CR20]\] (which Hurwicz generalizes) does not satisfy the properties *A* through *D*.

The Pareto preferences of problem [6](#Equ6){ref-type=""} satisfies the HA axioms.
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Note that the value returned with the use of Hurwicz increases when $\documentclass[12pt]{minimal}
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